In 25 Egyptian patients 2 to 18 years of age, craniosynostosis was studied clinically, radiologieally, and biochemically. Oxycephaly was the most common manifestation, but single suture synostosis occurred occasionally. Increased intracranial pressure was marked (76%), clinically, radiologieally, and at operation. Biochemical changes in the form of increased alpha-1 globulin and alpha lipoproteins, and reversed beta/alpha ratio of lipoproteins, pointed to a mesenchymal defect. Linear craniectomy proved satisfactory in many cases. Deroofing of the optic foramina and orbital decompression did not improve results. The symmetrical limitation of skull growth in oxycephaly resulted in late presentation of the case for treatment. Development of more widespread pediatric care in the United Arab Republic is needed for earlier recognition.
C
RANIOSYNOSTOSIS or craniostenosis is an abnormality of development of the bones of the skull resulting in premature synostosis of the sutures of the cranial vault, the face, and sometimes the base of the skull. It may be accompanied by other congenital anomalies in other parts of the body. Depending on which sutures are involved, the skull may be oxycephalic, scaphocephalic, trigonocephalic, plagiocephalic, or acrocephalic. 11 Extensive study has been made of craniosynostosis, and several operations have been tried, yet still a great deal of controversy concerning the etiology and treatment of the disease exists. The aim of our report is to show that craniosynostosis in Egypt is a special clinical entity with definite differences from the same disease elsewhere. We will try to evaluate the biochemical changes in these cases and demonstrate the result of surgical treatment.
Material and Methods
In the 5-year period from July, 1963, to July, 1968, 25 cases of craniosynostosis were studied, in 23 males and 2 females. Their ages ranged between 2 years and 18 years; 76% were less than 10 years old. Careful history was taken to detect any familial incidence. Complete examinations, including visual acuity, and fundoscopy were performed.
X-ray studies of the skull were done in every case; serum sodium, potassium, and calcium were tested by flame photometry, 4,7 inorganic phosphorus by autoanalysis, total serum proteins by the Folin-Ciocalteu method, 3 and total serum lipids by the Swahn method. 12 Differential proteins and lipoproteins were determined by vertical tank electrophoresis2
All cases were subjected to wide linear craniectomy through a coronal incision under general anesthesia in a one-stage procedure. Bone alongside the synostosed sutures, a bridge of bone over the sagittal sinus, and bone at the base of the temporal bones were removed. Orbital decompression by the Naffziger method was done in two cases with deroofing of optic foramina, and in another three cases without the deroofing, as a second-stage procedure. A section of a synostosed suture was always subjected to histopathological examination according to Culleng's method. 2
Results

Clinical Findings
Progressive headache of varying intensity occurred in 16 cases ( 6 4 % ) , failing visual acuity in 20 ( 8 0 % ) , vomiting in 7 ( 2 8 % ) , and grand mal seizures in 4 ( 16% ). Protrusion of the eye balls was present in all cases in varying degrees, but prominently in 20 ( 8 0 % ) . Secondary optic atrophy was noted in 19 cases ( 7 6 % ) , horizontal and rotatory nystagmus were found together in 5 cases ( 2 0 % ) ; and bilateral extensor plantar response was found in 5 cases ( 2 0 % ) . All cases had oxycephalic heads, but occasionally synostosis of one suture was encountered in some cases in the out-patients. In this series no patients were brought for treatment until after the age of 2 years.
It is interesting that the oldest patient of the series was an 18-year-old boy who did not develop secondary sexual characteristics.
Radiological Findings
The coronal and sagittal sutures were found closed prematurely in all cases studied; premature closure of the parietooccipital suture was also present radiologically in 9 0 % of cases. There was x-ray evidence of severely increased intracranial tension in 22 cases ( 8 8 % ) . The anterior and middle cranial fossae were shallow in all cases; the posterior cranial fossa was also shallow in 12 cases ( 4 8 % ) . The sella turcica and optic foramina were normal in all cases (Fig. 1 ) .
Biochemical Findings
The results of laboratory investigations are summarized in Table 1 . Serum sodium, potassium, calcium, inorganic phosphorus, total lipids, and lipoproteins were all within normal range. However, there was a significant increase in alpha lipoproteins, and decrease in the beta fraction and beta alpha ratio. The total proteins were normal but the collodiogram showed that the alpha-1 fraction was significantly increased, while the alpha-2 and beta fractions were decreased. Albumin, gamma globulin, and the albumin/ globulin ratio were normal.
Comparable biochemical studies were also made on l 0 infants who had had congenital hydrocephalus for at least 6 months. In this group the total serum proteins and albumin fractions were diminished while the globulins Fro. 1. Skull x-ray films in a 16-year-old boy with oxycephaly, showing evidence of increased intracranial tension. Le/t: Anteroposterior view. Right: Lateral view. were increased, with reversal of albumin/ globulin ratio. The total lipids and also alpha lipoproteins were increased and the beta/alpha ratio diminished (Table 1 ) .
Pathological Findings
Sections of specimens from prematurely stenosed coronal sutures were prepared with dilute acid by the decalcification technique, with care taken not to destroy tissue cells or fibers. 2 Sections stained by hematoxylin and eosin and Van Gieson stains revealed localized thickening and heaping of bone at the suture line, with fibrillary bone deposited in irregular patterns. There was a complete absence of fibrous tissue.
These findings were in contradistinction to the normal histological picture of suture lines seen in specimens taken at postmortem from patients of the same age group but who died from other causes not related to bone or mesenehymal disease. This control group had bone edges formed of compact lamellar bone containing simple Haversian systems. The sutural connection was formed of dense collagen bundles directed both radially and tangentially to the edge of the bone. As the suture was reached, the fibrous periosteum E1-Sherif, Khalifa, Abou-Senna and Ghaly split into two layers; the outer layer ran straight across the boundary of the suture from one edge of bone to the other, while the inner layer became continuous with connective tissue in the suture line (Fig. 2) .
Results of Surgical Treatment
Two cases died, one of hyperthermia on the day of operation, the other when the dura was opened according to Poppen's technique2 This second patient developed cystic cerebrospinal fluid (CSF), and swellings beneath the scalp, and died during a second-stage precedure to evacuate the pseudo CSF cyst; opening of the dura was abandoned. Postoperative x-ray films of the skull are shown in Fig. 3 .
In all cases, headaches, vomiting, bilateral extensor plantar responses, grand mal seizures, and bladder incontinence disappeared postoperatively. There was a moderate improvement in nystagmus. In nine cases, after operation the visual acuity improved gradually over a period of 6 months to 3 years ( 4 5 % ) . In two cases ( 8 % ) , reclosure occurred 6 months after operation and required reoperation; only one patient accepted it. In the remaining 23 cases ( 9 2 % ) , the craniectomy has remained open for a period of over 3 years. One patient with immature sexual development at 18 years, became 10 cm taller and developed libido and ejaculations in the first year after operation; in the second postoperative year his hands and feet reached adult size. Moderate improvement in mental functions occurred in 32% of cases.
Discussion
Virchow TM in 1851 was the first to describe the entity of craniosynostosis and its symptoms. Premature closure of sutures of the cranial vault is one of the common causes of deformity of the skull. As this condition often results in a restriction in skull growth, the brain is usually compressed and may be seriously damaged. There are very few documented cases of familial or hereditary craniosynostosis.
Unlike the disease in other countries, where sagittal synostosis is the most common variety, 1 oxycephaly represents the most common clinical entity in Egypt. 8,1~ Metopic synostosis was also present in one of our cases.
Most of our cases came to our attention in the third year of life or later (Table 2) , which is late for successful preservation of mental activity as 50% of the growth of the brain occurs in the first 2 years. TM increased intracranial tension was present in most of our cases, evident clinically in the form of headaches, lethargy, vomiting, grand real seizures, and bilateral extensor plantar response. The older age of our patients can be explained to some extent by parental neglect, yet the soft yielding bones of the skull of young children should give room for the growing brain to develop. Only when the yielding reached its limit, did the effect of oxycephaly show clinically. We have noted that all of our cases showed bilateral proptosis in varying degree. Moreover, x-ray films showed shallowness of even the posterior fo;sa. During surgery, it was observed while decompressing the orbits, that the temporal lobes formed their lateral boundary; this shows how much anatomical change takes place to compensate for the oxycephaly. Radiologically, every case showed marked convolutional markings including foreshortening of the anterior and middle cranial fossae; some also had posterior fossa foreshortening. There was always secondary optic atrophy with failing visual acuity. Severe horizontal and rotatory nystagmus was present in some cases, exaggerating the failing vision. Some degree of mental retardation was evident in most cases. Our 18-year-old patient with infantilism and oxycephaly came to us because of headache, poor memory and concentration, and primary hypogonadisrn resistant to hormonal treatment.
It appears from the data reported, that craniosynostosis in Egypt occurs most commonly in a severer form than elsewhere, always involving both coronal and sagittal sutures, and in many cases the parietooceipital suture. This results in marked limitation of space for the development of the brain, with consequent rise of the intracranial tension and encroachment on both orbits.
The clinical manifestations of craniosyn-ostosis in Egypt fall into two subgroups: Group 1. Craniosynostosis is characterized by rapid progressive increase in intracranial pressure with papilledema passing into secondary optic atrophy associated with marked mental retardation (76% of the patients). Group 2. Craniosynostosis is characterized by slow compensated rise in intracranial pressure with little or no visual failure, associated with mild-to-moderate mental dysfunction such as lack of concentration, defective memory, and bad school record (24% of the patients).
The alpha-1 globulin may be explained on the basis of mesenchymal defect. The increase in alpha lipoproteins and decrease in beta and beta/alpha ratio may be explained by liberation of sphingomyelins from brain tissue due to prolonged compression, as shown by our findings in cases of hydrocephalic infants under 2 years of age (Table  1) , and in peripheral nerve degeneration by Johnson, et al2
